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1 .\A light-weight golf club shaft comprising: 
a firk angled layer; 

a first straight layer formed on said first angled layer; 
a second Vngled layer formed on said first straight layer; 
a second straight layer formed on said second angled layer; 
said shaft havW a length along a longitudinal direction; 
each of said layers extend over said length of said shaft and includes fiber- 
reinforced composite mateiial, said fiber-reinforced composite material containing 
reinforcing fibers; 

said reinforcing fibers \rf said second angled layer being oriented at an 
angle relative to said longitudinal direction of s$d shaft; and 



least 



said second angled havin 
effective provide said shaft witft a tor; 
kgfxmxdegrees and a weight of fr^m 50 to 

2. A light-weight golf club sW 



of said angle and a thickness 



reinforcing fibers of said second 
of from 35 to 75 degrees relative 
3 



ional strength of at least 120 
'40 g. 

according to claim Lwfierein said 
er are oHented-^fan angle in a range 
itudinal direction of said shaft, 
cording to claim 1, wherein said 



angled 
to said loi 

A light-weight golf ilub >shaft 
reinforcing fibers of said second angled layer ^re oriented at an angle in a range 
of from 60 to 75 degrees relative to said longituomal direction of said shaft. 

4. A light-weight golf club shaft according to claim l7^4iei^in_said 
reinforcing fibers of said second angled layer are oriented at an angle in a range 
from 65 to 70 degrees relative to said longitudinal direction of said shaft. 
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1 5.\A light-weight golf club shaft according to claim 1 , wherein said layers 

2 are effective, to provide said shaft with a crushing strength of at least 10 kg/10 

3 mm. \ 

1 6. A light- weight golf club shaft according to claim 1, wherein: 

2 said reinforcing fibers of said second angled layer are oriented at an angle 

3 in a range of from 3^Sto 75 degrees relative to said longitudinal direction of said 

4 shaft; and \ 

5 said layers are effective to provide said shaft with a crushing strength of 

6 at least 10 kg/10 mm. \ 

1 7. A light-weight golf alub shaft according to claim 1, wherein; 

2 said reinforcing fibers of s&d second angled layer arfiuoriented at an angle 

3 in a range of from 60 to 75 degrees illative to said lojigitudinal direction of said 

4 shaft; and \ / 

5 said layers are effective to pro viote said sfnaft with a crushing strength of 

6 at least 10 kg/10 mm. \ / / 

1 8. A light-weight golf club shaft accmdingAc claim 1, wherein: 

2 said reinforcing fibers of said second angled lalver are oriented at air&ngle 

3 in a range from 65 to 70 degrees relative tc said longitudinal dire<^r6n of said 

4 shaft; and / 

5 said layers are effective to provide sard shaft writh a crushing strength of 

6 at least 10 kg/ 10 mm. \ 

1 9. A light-weight golf club shaft according to claim 1, wherein said 

2 second angled layer has a thickness in a range of from 0.04 ta 0.1 mm. 
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10\ A light-weight golf club shaft according to claim 1, wherein: 
said Reinforcing fibers of said second angled layer are oriented at an angle 
in a range of ftpm 35 to 75 degrees relative to said longitudinal direction of said 
shaft; and 

said second angled layer has a thickness in a range of from 0.04 to 0. 1 mm. 

1 1 . A light-weight golf club shaft according to claim 1, wherein: 

said reinforcing fibers of said second angled layer are oriented at an angle 
in a range of from 60 toy 5 degrees relative to said longitudinal direction of said 
shaft; and 

said second angled layer has a thickness in a range of from 0.04 to 0. 1 mm. 

12. A light-weight golf club shaft according to claim 1, wherein: 

said reinforcing fibers or\said second angleo layer are oriented at an angle 
in a range of from 65 to 70 degree^ relative to/said longitudinal direction of said 
shaft; and 

said second angled layer has a thickness in a range of from 0.04 to 0. 1 mm. 

1 3. A light-weight golf club shaft accorciing to claim 1, wherein: 
said layers are effective to provide^ajtt sha^t with a crushing strength of 

at least 10 kg/ 10 mm; and 



said second angled layer has a i 



iess\n a range of from 0.04 to 0. 1 mm. 



14. A light-weight golf club s laft according to\laim 1, wherein: 

said reinforcing fibers of said second anglecklayer are oriented at an angle 

in a range of from 35 to 75 degrees relative to said longitudinal direction of said 

shaft; 

said layers are effective to provide said shaft with\ crushing strength of 
at least 10 kg/10 mm; and 
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1 s&d second angled layer has a thickness in a range of from 0.04 to 0. 1 mm. 

1 1 5\ A light-weight golf club shaft according to claim 1, wherein: 

2 said reinforcing fibers of said second angled layer are oriented at an angle 

3 in a range of from 60 to 75 degrees relative to said longitudinal direction of said 

4 shaft; \ 

5 said layers areseffective to provide said shaft with a crushing strength of 

6 at least 10 kg/ 10 mm; aiKl 

7 said second angled later has a thickness in a range of from 0.04 to 0. 1 mm. 

1 16. A light-weight golftiub shaft according to claim 1, wherein: 

2 said reinforcing fibers of said second angled layer are oriented at an angle 

3 in a range of from 65 to 70 degrees relative to said longitudinal direction of said 

4 shaft; \ 

5 said layers are effective to provide^said shaft with'lfcmshing strength of 

6 at least 10 kg/10 mm; and \ / 

7 said second angled layer has a thickness Nil a/ange,of from 0.04 to 0. 1 mm. 

1 1 7. A light-weight golf club shaft accordtog to t aim 1 , wherein: 

2 said shaft has a small-diameter end and alaree-niameter end; 

3 said first angled layer has a first thickness near a lid small-diameter end of 

4 said shaft; \ ^ — ' 

5 said first angled layer has a second thickness ne u: saki large-diameter end 

6 of said shaft; and \ / \ 

7 said first thickness is substantially twice said second thickness. 

1 18. A light-weight golf club shaft according to claim K wherein said 

2 reinforcing fibers include organic, inorganic and metal reinforcing fibers. 



a:W3EKRBREmwFDATA\M10O9\M2009.9 



PATENT 29 M2009-9 

1 19.1 A light-weight golf club shaft, said shaft having a length along a 

2 longitudinalYiirection, comprising: 

3 a first angled layer; 

4 a first straight layer formed on said first angled layer; 

5 a second Wled layer formed on said first straight layer; 

6 a second su&igtolayer formed on said second angled layer; 

7 each of said Wers extend over said length of said shaft and include fiber- 

8 reinforced compositamaterijfl, said fiber-reinforced composite material containing 

9 reinforcing fibers; / \^ \ 

1 0 said reinfor :inj \ fibers of said second angled layer oriented at an angle in 

11 a range of from 35 to 75 qegrees relative to said longitudinal direction of said 

12 shaft; I \ / 

1 3 said second ajm ;led lav^nas a thickness in a range of from 0. 04 to 0. 1 mm; 

14 said shaft hasr small-dikmeter end and a large-diameter end; 

1 5 said first angled layer has a first thickness near said small-diameter end of 

1 6 said shaft; \ 

1 7 said first angled layer has a second thickness near said large-diameter end 

18 of said shaft; \ 

19 said first thickness is substantially twice said second thickness; and 

20 said layers are effective to provide said shaft with a torsional strength of 

2 1 at least 120 kgf x m x degrees and a weigm of from 30 - 40 g. 

1 ^S^PC/ I ^0. A method for forming a golf club shaft around a mandrel having a 

2 ^ length along a longitudinal axis, the steps comprising: 

3 fo Wng a first reinforcement layer from a first fiber material, said first 

4 fiber material having fibers aligned along a single direction; 
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5 (^C^7 ^ rmi - n 8 a first angled layer from second and third fiber material, said 

6 second and third materials having fibers aligned along a single direction; 

1 bomding-said second and third v materials together to form said first angled 

8 .layer, suchvthat said fibers of said second material form a first angle with said 

9 fibers of saih third material; 

1 0 forming a first straight layer from a fourth fiber material, said fourth fiber 

1 1 material having fibers aligned along a single direction; 

1 2 forming a second angled layer from fifth and sixth fiber material, said fifth 

1 3 and sixth materials having fibers aligned along a single direction; 

14 bonding said fifth and sixth fiber materials together to form said second 

15 angled layer, sAch that said fibers of said fifth and sixth material form a second 

16 angle in the range of from 70-150 degrees and said second angled layer has a 

1 7 thickness in the range of from 0.04 to 0. 1 mm; 

1 8 forming asecond straight layer from a seventh fiber material, said seventh 

19 fiber material having fibers aligned along a single direction; 

20 forming a second reinforcement layer from an eighth fiber material, said 

21 fiber material havimg fibers aligned along a single direction; 

22 wrapping said first reinforcement layer around said mandrel such that said 

23 fibers of said first reinforcement layer are aligned 90 degrees with respect to said 

24 longitudinal axis; I ' 

25 wrapping saidlfirst angled layer around said first reinforcement layer such 

26 that said first angle ofWid fiber material of said first angled layer is bisected by 

27 said longitudinal axis; \ 

28 wrapping said first straight layer around said first angled layer such that 

29 said fibers of said first straight layer are aligned with said longitudinal axis; 
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3 0 7 wtaPP^g said second angled layer around said first straight layer such that 

3 1 said secoiM angle of said fiber material of said second angled layer is bisected by 

32 said longitudinal axis; 

33 wrapping said second straight layer around said second angled layer such 

34 that said fibers of said second straight layer are aligned with said longitudinal axis; 
3 5 wrapping second reinforcement layer around said second straight layer to 

36 form a layered wrap, such that said fibers of said second reinforcement layer are 

37 aligned with said longitudinal axis; 

38 curing said layered wrap in an oven to form a cured shaft; 

O \ 

yg 39 removing said mandrel from said cured shaft; and 



s trimming ends said cured shaft to produce said golf club shaft. 
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